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by JEAN J. LABROSSE 



Using Scaled 
Arithmetic 

What do you do when your application's data 
doesn't map to the 8- and 16-bit integers 
offered by your project's microcontroller? 
You can use floating-pointing calculations or 
you have the option of scaling your numbers 
at a small cost in added software complexity. 



Without using float- 
ing-point arith- 
meiic, how would 
you add 1234 and 
987.654, multiply 
3.1416 by 5.4, or divide 0.00456 by 
98.7? This article shows how to per- 
form basic arithmetic operations on 
fractional numbers using only iniegers. 

These capabilities are imponant, 
because most low-Old mienqvoooson 
do not have hardvntre-assisted float- 
ing-point math support. Micro- 
processor manufacturers seem to teel 
that floating-point math is a low pnor- 
ity in embedded systems. Fortunately, 
ANSI C compilers allow you to use 
floatiag-point m^. Theie is. however, 
a cost: Floating-point libnuies require 
extra ROM and RAM but more impor- 
tantly, they require more processing 
time than integer math does. For exam- 
pic, tloaiiiig-point addition could talce 
hundreds of microseconds on a low- 
end 8-bit micnq)ix)cessor. whereas it 
typically takes only a few microsec- 
onds to perfbrm a 16-bit addition. 
MuHipHcation and division are often 
worse. As embedded system program- 
mers, we are often coniVonied with the 
xa&k of writing the fastest and smallest 
code possible for real-time operations. 
When we have to perform aridtmetic 



operations on fractional numbers, we 
generally turn to in^ger and fixed^ 
point arithmetic. 

In this aiticl«, I «^ |# pnsentiag 
code examples in C aiid pcarfonning 
operations on 16-bit integers. The con- 
cepts, however, apply to any integn' 
size. You should keep in mind that 
impicmcntations using assembly lan- 
guage would be much more efBcient. 

Fnam-poainflMBBis 

An integer (either signed or 
unsigned) can be used to rep- 
resent fractional numbers by 
moving the radix point within an inte- 
ger, as shown in Figure I. This is 
known as fixed-point. The first bit to 
the ri^t of the radix point represents 
0.5. the next bit 0.25. and so on. An 
integer value of 16 in the formats 
shown in Figure ! represents 0.5. You 
may also say that the number 0.5 has 
been scaled by 2^ (multiplied by 32). 
Another way to look at it is to si^ that 
0.5 is equal to 16 • 2-*. 

The unsigned integer of Figure 1 can 
be used to represent numbers having a 
range of 0.0 to 2.047.96875. and the 
signed integer can represent a number 
between -1.024.0 and 1.023.96875 
(assuming twos complement). Both 
agned and unsigned numbeis have a 
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resoludon of '/32nd (0.03125). You 
can used fixed-poiot to represeni dis- 
tances, surfaces, volumes, tempera- 
tures, pi«ssures, and so on. Depending 

on the application, you can fix tlie 
position 01" tile rtidi.t point elsewhere to 
suit the range of numbers you iiave to 
liandle. 

Figtire 2 shows iiow to represent 
tempentuies ftom -4S9.67'F (0* 
Kelvin, or abialmt zero) to 2,04g'F by 

using an 11 -bit integer and a 4-bit trac- 
tion. An integer value of 11,528 repie- 
sents a temperatuie of 720.5*F 
{I[.528'2^). Using this foimat. tem- 
peratures can be represented with a 
l/16lfa'F resolution. 

When your progran perfarms arith- 
metic opeiations (add. stibtxact multi- 
ply, or divide) on fixed-point numbers, 
it actually manipulates integers. This is 
because microprocessors do not pro- 
vide mechanisms to represent fixed- 
l^siBi mmlMm. D» impiiniim w 4iat 
iliB piDinimHir aBM ttn{i mdc of the 
podlion of the pomts. To repre- 
sent fixed'point numbers, I will use die 



When programs 
perform arithmetic 
operations on 
fixed-point 
numbers, they 
manipulate 
integers. 

following notation: 

<mantissa>S<exponent> 

where S means the mantissa needs to 
be scaled by 2«>P»<>« to detflmiim tiie 
value of the fixed-ipohic ranober. The 
ejqxment is sometimK called the scale 
factor and can be used inttrchai^- 




HGURE2 

Representing temperatures from -459.67°F :o 2047'F. 



■ Signed 16-lHt int 



ri.iil....i"n^^nifiii?ffili'i'..n 
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Using Scaled Arithmetic 



ably. The mantissa is always an inicger 
number. I use this notation lo differen- 
tiate it &oin the Soating-point notation 
<inntusa>E<«xf»iient>. The foUowii^ 
examples show use of this notation: 

5S-3 represents 0.6250. 5 * 2-\ or % 
31S-8 represents 0.1211. 31 * 2-». or 

-ms-16 represents -0.001877, -123 • 

The mantissa is shown in bold to 
emphasize that the fixed-point number 
IS iiciuully represented using an inte- 
ger, whereas the exponent is main- 
tained mentally (or on paper) by the 
progranuner. Sealing is done to allow 
any number to be represented using a 
16-bit (or more) integer. The position 
of the radix point is determined from 
the largest number you need to repre- 
sent. Equation I shows how to obtain 
the mantissa and the exponent (scale 
factor) for any positive value x 
(unsigned value) between zero and 
65^35. 



factor ^ -INT 



65.535) 



log(2) 



mantissa = imXl-^""'"' xjc + 0.5) (I) 

where INTO means we take the integer 
portion of the result. In other words, 
the resuh is truncated. logO is the log- 
£uithm of the numbs- in pssimthesis. 
When X is 0.0, bodi the mntissa and 
die factor are zero. To refnesrait n 
(3.14159) uang de fixed-pcunt num- 
bn: aotation, we would sid>5titute 
3.14159 in Equation 1 as follows: 



-14 = -//V7 



65.535 
3.14159 



1^2) 

5L472 = Brr(2»* x3.i4159 + OJ) 

Thus. 3.14159 is wnnen as 51472S-I4. 
(The actual value is 3.141602.) You 



don't actually u.se Equation 1 m your 
code. Instead, use the equation to 
determine the integer equivalent of a 
floating-point numbo- and its scale bc- 
vat. EquaticHi 2 ^ws how to obttin 
the mantissa and the expawnt for a 
positive value .y (unsized number) 
greater than 65,535: 



factor^ 



mantissa = ^ (2) 

For example, the number 107,573 is 
represimted as: 




'"^l 65535 



log(2) 



53786 = 12^3 

and wriRen as S3786S1. In this case, we 
lose resolution, because we would 
need 17 bits to represent 107.573. 

Equation 3 shows how to obtain the 
mantissa and the exponent for any 
signed value x between -32,767 and 
32,767 inchmvety, where: 



factor - 



log(2) 



^mT{2-*^xx + 0J) (3) 

hi means the atselun vihw of ibe 
number to scale. When x is 0.0, both 

the nantissa and the factor are zero. 

Equation 4 shows how to obtain the 
mantissa and the exponent for a signed 
integer less than -32,767 and greater 

than 32,767: 



fitaor^lffl 



"iogisr 



+1 



mmiissa « ^jfe- 



(4) 
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lAR Systems' DOS and Windows based tools 
producethe same high quality, reliable code. 
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Using Scaled Arithmetic 



ADDING AND SUBTRACTING 

To add or subtract two fixed- 
pniit mimbets, dw exponent of 
both number: must be the same. 
For example, you could not add the 
signed fixed-point number 2IMII0S-IS 
(0.6250) with 317455-18 ( 0.1211) 
because they do not represent the same 
order of magnitude. In diis situation, 
reduce the imntiBW portion of the 
smaller of the two numbers (3174SS- 
1 8) by dividing it by eight, so its scale 
factor is S-15. The number would be 
3968S-15, or '-"'/jijfts- '^^ result of 
the addition is 24448S-I5. or 0.746094. 
Pretty simple, right? Actually, things 
get triclder when you add two numbeis 
and the result exceeds unity. F(» exam- 
ple, when: 

0.99 + 0.99-1.98 



To multiply fixed- 
point numbers, 
multiply the 
mantissa of the 
two numbers and 
add the 
exponents. 

32440S-IS + 32440S-15 = 648MS-I5 

Here, the addition overflows, 
because the maximum value for a 
signed 16-bii fixed-point number can 



only be 32.767! You can avoid the 
overtlow by scaling both numbers to 
S- 1 4 instead of S- 1 S, as follows: 

0.99+a99=l.9S I 

on i 

1S220S-14 + 16220S-14 = 32440S-14 

You should be careful when you add or 
suboact two fixed-point numbets. 

HXBI-POWT MUL7IPUCAT10N 

To multiply fixed-point numbers, 
multiply the mantissa of the two 
numbets and add the exponents. 
For example, we can multiply the two 
signed 16-bit fixed-point numbers: 

0.6250 ' 0.121 1 -0.075688 
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Think of a tool that gets your 
Real-Time product to market faster 



Having trouble? So were we. That's why we, as real- 
time developers, created the ObjecTimeJ* toolset to 
reduce cime-tO'inarket by automating key development 
activitiet. With ObjecTini^, to cB{Hdly develop com' 
I^ex event-driven softnwe you can: 

• Create reiaal^ oompimiencs and component 
framework* 

• Execute and validue |^>lucal requinments and 
design modeU thioi#iouc the dev^opment cycle 

• Automatically generate complete production-quality 
code from design modeU. These are not just code 

''headers" or skeletorw, but include the hardest parts 
to eet ncjht — complex component behavior and 
component inierconneciion and interaction. Target 
operann? systems include VR.TX, pSOS+, VxWorits. 
HP-RT. HP-UX. AIX. and Solaris. 

While other companies are debating the merits of aca- 
demic methods and o^Nonal CASE diagramming 
tDoU. your reid'time product is flipping! 




ObjecTime supports the 
ROOM method 
authored by Bran Selic, 
Garth Gullekaon, and 
Paul Ward {co-devcloper 
oftheWaid-Mellor 
method) 



nnrerTTvm® ObjecTime Limited 
Available on Stn, HP. and IBM RS/6000 workstations 
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iNitmoeaaea 
ToolSuite makes 
Hus an easy target 



Urn €m^lH9 32411 • 

The 386 used to be a tough target for embedded 
systems. Yon had to hunt down tools from munv 
vendors. And tix)l coinpatibilitv was hit-or-miss, 

i\ow there's a simple one-source solution - the 
Phar Lap» 32-Bit TNT Embedded ToolSuite™ 

Phar Lap tools make the widely-available :3S6 an 
easy 32-bit embedded target. Use a standard 32-bit 
Windows eon^pd^&om Bote4 Microsoft 
or MetaW^. Embedded denwlopfneM is easy 
because you use the same tools you bust for DOS 
and >^ndows development. 

^^^^^^Lt^mJ '■'-I- 

HB^vi^nN nmia 

Pick Microsoft CodeView or Borland Turbo 
Debu^er - Phar Lap turns them into high perfor- 
mance embedded debutK^rs. Use your compiler s 
C/C++ run-time libraries unmodified in vonr 
embedded system. You ^et lull 1^0Mal)ilit\ and .i 
built-in floating point emulator. 

Tiie TNT Embedded Kernel gets von into pro- 
tected mode right away. You're up and \sTitinsr codt- 
within hours, not months. And Phar Laps LinkLiK:. 
a one-st^ embedd^ linker, pute you in complete 
control. Locate code and data anvwhere in inemor\'. 



The ROM IN IT feature saves you from initializing 
RAM variables - it'.s all automatic. LinkLoc provides 
lull svmboHc inforni;!lii)n for C/C+-'- source level 
debnuginif with CodeView or Turbo Debugger. 

hi 32-hit pewar. 

Don't settle for 16-bit real mode when you can aim 
for full 32-bit performance and speed. Enjoy a Hat 
meraory naodeil uceti^KHme. No more s^ments. 
And no more frustrating 1 MB memory limit. 

DL I ' ^ Siipp«ftfofAlWwirr-S!c!^.;:^:iC'C' 

"» aaU,1HUSUbl>bMU(intDikl«i>| ] 

M SwM hi C/C» ■la.rai Qtmr 
'"f.timtm iMl i Hi Sri«4.; 



ToolSuite 
has all 
you'll need. 




Oiftvgtt fDofiry. 

Pilar I^p (lelivereti the tirsi ->2-hit proifcted-niode 
[(Hilkit for the ^186 way back in 1986. Now more than 
oO.()(X) programmers use ^ar Lap 32^t pnxkicts 
for both DOS and embedcted applications. 

So if your target is easier 32'bit devekipmmit 
Phur Liip is your source. Call to find out more. 

Software, Inc. 

Cambrie^e. MA 02138 617-661-1510 FAX; 617-876-2972 
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I'xfforks" for Windows from Wind River Sraems. ttie 
world leader in embedded svstems development tools. 

• Powerful lestins and debussing facilities 

• Microsecond-fast, fully scalable run-time sistem 

• Compreliensi\e networkins; support 

• Industry' standards includin; I'OSI.X. .\.\SI i: and TCP/IP 

• Familiar Windows envirDnmeiit 



For more iofonnation on NM7orks for Windows, contact us 
today: Wind River Systems, Inc„1010 Atlantic Avenue, 
Alameda. CA 94501, ftae: 1-80O-54S-WINO, 310-748-4100 
Eax: 510-814-2010, e-mail: sdes@ms.com 

European Sales Offices: 

France. 09-07 "l-'t Germamjl, 49-ll9-%-ll9-i!>-44: 
UniMIOM^iu. U-i:t-li')-imi:Seaiull»arla. 46-K-707.J220 
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204gOS-lS * 3174SS-I8 - 6501376005-33 

When you multiply two signed 16- 
bit numbers, the result is a 30-bit num- 
ber. Because of this, your C compiler 
needs to support signed longs (32-bit 
numbers). In the previous e.\ample, 
divide the number by 32768S-I5 to 
obtain a signed li4»t nauit A divi- 
sion by 32768S-IS is a division by 1.0 
and simply involves shifting the man- 
tissa right 15 places. The result would 
be 19840S-I8, or 0.075684. 

For unsigned fixed-point numbers, 
multiplication yields a full 32-bit 
tssult. For example, 0.6250*0.1211 
looks like tliis: 



A division of 65,536 would make the 
preceding result fit back into an 
<Mip«d 16ab^ integer 39681S-19; or 
O.ilfSStk Wm matt it more accnMe 
than iti signed venion, because more 
bits were used in the unsigned multi- 
plication. 

nXED-POIKT DIVISION 

Division is always trickier and 
slower than multiplication is. 
For example, instead of divid- 
ing a number by 10, consider multiply- 
ing the number by 0.1 (or 26214S-18. 
signed), if you must perform a divi- 
sion, divide the mantissas and subtract 
thee 



-0.021343 



am 



>-IS-6(-O.0U362S) 



The result is totally incorrect. The divi- 
sion produced a result of -1 and a 
remainder of S.235. C compilers don't 
know what to do with remainders! To 
avoid this problem, scale the dividend 
by 32768S-1S lor 1.0) and remember 
that the final result has been multiplied 
by 32.768, as shown in the following: 



(307365-17x ^^685-15 , 

^7605-21 (or.-0.021343) 

The mantissa of the result doesn't fit in 
a 1 6-bh signed number. To prevent this 
situation, multiply by 16384S-14 
instead of 32768S-15. The new opera- 
tion woidd be: 

rtmiAc 16384S-14 
(307365- 17x_225o,s_i, - 

-223805 - 20 (or - 0.02 1343) 



An overflow will occur whenever the 
manriKsa of the numeMof is gfcua 
iSta the maatissa of fte deaomimiar. 
Your code wfil have «gi elMdt te tllil 



40960S-I«*<3491S-l9-»l0ai360S-3S situation. 




FIXED-POINT COMPARISON 

Comparing two fixed-point 
vm/bm peeseDts a sMw 
pnMetn to adffing and sub- 
tracting; the exponent of both niunbers 
must be the same. For example, com- 
paring 20480S-15 with 31745S-18 
requites that you adjust the smaller of 
die two numbers to match die scale of 
dK larger. 3174SS-I8 would become 
3968S-15, or '•'<»/32.7<i8. Once both 
numbers tepresent the same order of 
magnitude, comparing them simply 
requires that you compare the mantis- 
sas or the integer values. 

Let's look at some examples of 
fixed-point arithmetic. Suppose you 
needed to compute tlie circumference 
of a circle that can vary in diameter 
from 1.22 inches to 20.8 inches. The 
circumference of a circle is given by: 

Circumference = jr * Diameter 

Because diameters are positive 
quantities, we will use unsigned fixed- 
point numbeis. n' can be represented as 
51472S-14 (actually 3.141602). 
Substituting the maximum diameter 
(20.8) into Equation 1, we obtain a 
scale factor of 1 1, so the fraction will 
require 1 1 bits. Because we are using 
an unsipied 16-bit integer, die mantis- 
sa portion win have five bits, as shown 
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Small high performance RTOS 

'Evaluation boards for*^ 
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\ On-line user manuals with 
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the software equation is... 



\ Simplify your application by using our Nucleus 
-j RTX or Nucleus PLUS real-time kernels, if your 

application needs TCP/IP or MS-DOS file support, 
^ let our Nucleus NET and Nucleus file products help. 

h 

Nucleus gives you a world of choices for prototyping. 
:^v\ Our products run under MS-DOS. SUN-Oi and SOU\RIS 
[■r- As a result you can build your application in friendly 
5 IBM-PC or SUN environments, using the Borland, 

Microsoft, or GNU development tools. 



A near endless list of compiler/debugger tools are 
available to you. Our kernels are integrated with Miaotec. 
Creenhills. Intemietrics, SDS. Sien-a. Metaware.CNU, Intel, 
Miaosoft, Borland and many others. 



Find and kill the bugs in your application 
with the help of our multi-tasking debugging 
tools, which include Nucleus DBUG, Nucleus 
X-RAY and Nucleus X-RAY MTD. 



Tl The result is an appiication you can be ^ 

.. ■• proud of. Application development is a ■ 

I complicated process, but the equation is | 

.J simplified by Nucleus. , 



Nucleus supports these processors 
68XXX * 8086/186 - 80386/486 PM - DOS 
AmzQXXX • i960 ' IDT 3P5X • LR330XO • R4000 
SPARCIite • ARM • Hitachi H8/3pol1 * Power PC 
TMS320C3X/4X/2X/5X •DSP56XXX 
68HCii/r6 • M37702 • NEC 78^ 

for more information contact us at 

(800) 468-6853 



Accelerated Technology, Inc. Post Office Box 850245, Mobile, Alabama 36685 (205) 661-5770 Fax (205) 661-5788 
1 1858 Bernardo Plaza Court, Suite 210-C, San Diego, California 92128 



CIRCLE S 32 ON READER SERVICE CARD 



in Figure 3. 

The cncu^nsnce of the chcle is 
compuMl is C as fellows: 

ma anmSnmOm emiur) 

{ 



Hvmmm. • (IUK)diamr)»lt); 
ratm (i); 



Multiplying two 16-bit unsigned 
integers will yield a 32-bit result. This 
is wtiy the multiplication is adjusted by 
dividing this result by 65,536 or shift- 
ing to the right 16 places. The expo- 
nent of the result is determined as fol- 
lows. ,T is S-14 and multiplies the 
diameter S- 1 1 , resulting in an S-25 
exponent. The rigtic shift, iiowever. is 
the same as dividing by 65536S-16, and 

Our mintmimi citcmnfeitsiice is 

obtained by substituting a 1 22 (2498S- 
1 1 ) inch diameter circle in the preced- 
ing code. The multiplication yields 
128577056S-25. After the shift, the 
result is 1961S-9 (3.830078), which is 
within about 0.07% of the conect 
result, 3.832743. Our maximum cir- 
cumference is obtained by substitut- 
ing a 20.8-inch (425988-11) diameter 
circle in the preceding code. The mul- 
tiplication yields 2192604256S-:5. .Xftcr 
the shift, the result is 33456S-9 
(65 J437S0), wUch is within 0.002% 
of the correct result. 65.345127. Fixed- 
point arithmetic produces large errors 
with small numbers (or numbers at the 
bottom of the scale) and decent results 
with large numbers. For large num- 
bers, the improvement in accuracy is a 
direct result of using mois bits. 

Let's look at another example. We 
can use Sxed-poot aridiraeiic to coo- 



verx between degrees Centigrade CC) 
mid degrees Fatnenlwit ('F). The con- 
version equation ftom *C to 'F is 
shown as: 



•c= 



rF-32)x5 



(6) 



To determine how to implement the 
convemon equation using fixed-point 
arithmetiG, we need to know our lange 
of temperatures. Suppose we are inter- 
ested in temperatures firom -30'F to 
300T. The range chosen forces us to 
use signed integer arithmciic. .Also, we 
need nine bits to represent tempera- 
tures of up to 300'F, and six bits will 
lepresenl fractional degrees. The bias 
of 32*F is represented as 2048S-6, and 
the constant multiplier % can be rep- 
resented as 1S204S-15. The code to per- 
form the eoovenion Is: 



n 

{ 

return ((ttOKXf - 30«) > IBM) » 

15); 

It Dwitt is S-« «/ 

} 

The temperature in 'C is also scaled 
S-6 (or S-6 • ^•"/s.|5). In other words, 
the inrcger result is 64 times larger than 
the lemperature it represents. Sub- 
siitulinc :00'F (or 12800S-6 = 200 * 
64) In the previous code yields a 
returned value of S973S-6. or 93.328'C. 
(The acnial value is 93.331.) WMS and 
LOK are typede^ so they tepieseiu a 
signed 16-bit and a signed 32-bit inte- 
ger, respectively. 

Pertbrming the conxcr.sioii from C 
to 'F is just as simple. The equation is: 



•F = ^ + 32 



(7) 



Fixed-point representation for circle diameter. 

Itnsigned 16-bit integer - 



3-bit integer 
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>, The mostrepdenCjsoftware 
• development solution available 
for R3000 applications J: -: , 

^Optimizing ANSI C compiler, ~ 

assembler and Incremental linker 

- • '-- - ■ 

ANSI C, run-time and 

floating point libraries 

Multi-tasking locator, 

' "■ CroayiewfTarget ROM ,* 
"debugger 

EDE gives /ou access to all tools 
through a common interface 

CrossView* and our Board^ 
Support Pacliages providepo* 
complete integrated solub'oiis 
for all LSI LOGIC and IDT R3000 
evaluation boards 
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1-800-458-8276 
Fax 617-320-9212 
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Using Scaled Arithmetic 



Again, the 32'F canaM » 

and the constant muttiplier '^s is 

29491S-14. The conversion cede is: 

m ctoF(m c) 

/• e Is seaM S-6 ^ 

{ 

m i; 

« • ((LMGjc • 29481) » 14; 
rabirn (i * 2948); 



} 

To obtain an S-6 resuit. divide the 
result of the multiplication by 16.384 
instead of 32,768. Substimting 93°C 
(59523-6=93*64) in the preceding code 
yields a returned value of 12761S-6, or 
199.39'F. (The actual value is 199.40.) 

[n our third example, let's suppose 
the tempmttue used in ^ previous 



example was obtained from a 10-bit 
analog-to-digital converter (ADC). 
The ADC produces a binary represen- 
lation of the temperature. The temper- 
amre read by the sensor is given by 
Equation 8 (a temperature of -50'F 
produces zero ADC counts, O'F is 
about 146 ADC coui^ and 300'F ^ 
U023 ADC counts). 

Tern pe ra I ure ^■ p-)=( A DC ^.au„,^ 
-146.143^„)' 0.342131 

I 'Fl count) 

(8) 

The ADC can be scaled to fit into 
the u|)per porti^ of a signed 16-bit 
integer (or shifting left five places). To 
perform the subtraction, we need to 
scale 146.143 by the same value, or 
146.143 • 32 = 4677S-5. The gain 
(0.342 131) obtained by using Equation 
3 is 22421S-16. The temperature at the 
sensor is Aus ^veaj^ 

/• isMMs mst ue *i 

{ 

m cnts; 
mi top; 

cats ■ ^gsjgm^ « @ • W; 

» IS.); 
return (tap); 

/< Result is scaled S-< •/ 

} 

The resttifs scale fa^r is giveai by: 

The subtraction is done separatelv. 
because a good compiler should per- 
form this operatitni using 16-btt aritli- 
metic inaead of 32-bit. (I6-bitsubnac- 
tion would be faster.) Counts and gain 
are then converted to LONG, because 
the multiplication needs 30-bit pieci- 
sion. The resuit is divided by 32.768 so 
it iits back into a 16-bit signed vari- 
able. Finally, the temperature is 
returned in T scaled S-6. Obtain the 
temperature to the nearest degree by 
first adding 32 (0.5) and dividing the 
result by 64. which rounds the result. 
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I have demonsffated how to perfonn 
simple arithmetic operations using 
integere instead of floating-point. To 
use tixed-point arithmetic, however, 
you need to tcnow the range of values 
the variables can take. Fixed-point 
arithmetic opeiadons wilt generally 
execute much more quickly than their 
floating-point counterparts, because 
most microprocessors are good at per- 
forming integer operations. This per- 
formance is at die expense of accuracy 
and code complexity. The only way 
you can improve dteaccunc/ is to use 
more bits. In a number of siciiations, 
however. 16-bit arithmetic is more 
than sufficient accuracy. Fixed-point 
works well when the dynamic range of 
the nuD&eta used is small. Esu 

Jean J. Labrosse has an MS in electri- 
cal engineering from the University of 
Sherhrooke in Quebec. Canada, and 
has been developing real-time soft- 
ware for over 10 years. Labrosse cur- 
rently writs at Dynalco Controls in 
Fort Lauderdale. FL He wrote |lC/OS. 
The Real-Time Kernel, destribing the 
intermth of a small real-time preemp- 
tive multitasking kernel, and Em- 
bedded Systems Building Blocks: 
Complete and Ready-to-Use Modules 
in C from which this article Is excerpt- 
ed. (Both books available through 
R&D Publications. Lawrence. KS). 
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1. Croweil. Charles. Floating-Poinl 
.Arithmetic with the TMS32010. 
Houston, TX: T««s Inslnimsm lite., 
1986. 

2. Knuth, Donald E. The An of 
Computer Programming. Vol. 2 

Seminufnerical .Algorithms. Reading. 
MA: .Addison- Wesley. I9SI. 

3. Labrosse. Jean J. Embedded 
Systems Building Blocks. Complete 
and Ready-lo-Use Modules in C. 
Lawrence, KS: R&O PubUea^ns. 
1995. 

4. Morgan. Don. Numerical 
.Method.s. Real-Time and Embedded 
Systems Programming. San Mateo. 
CA: M&T NtiUiag. 1992. 
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/ RADIOACTIVE 
DEVELOPMENT 
TOOLS 



Sometimes you have to do something a little 
crazy to get noticed. PLC's COMPASS/51™ 
Integrated Development Environment for the 
8051 family is about to get your attention. 
Now you can get the first complete 
Windowf* Imled 8051 software 
development SgfiXem for just $ti9S. That's 
more than 60% off^e regular $1695 price! 




You'll want to kiss your DOS window good- 
bye since you can design, code, and test your 
software without ever leaving Windows! Turn 
waiting time into productive time with 
COMPASS/51 's advanced Program 
Visualization, Visual Debugging, and 
background processing capabiliSes. 



These are NOT evaluation tools. There 
are no limitations, no missing features, 
just a solid set of quality development 
software at a great price! 

Call today, and get your copy of PLCs 
COMPASS/51, the hottest new 8051 
development system available. 



You'll get an optimizing ANSI C Compiler 
that stacks up against the best of them, a fast 
Macro Assembler, a powerful Linker/Locator, 

a feature-packed Source Level Debugger, and 
a validated Instruction Simulator, all running 
under Windows 3.1! You'll also get complete 
on-line manuals for each tool. No more 
cumbersome books to clutter your desk! 
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